Spinal muscular atrophy (SMA) is a heritable condition in Brown Swiss cattle characterized by profound muscular atrophy affecting appendicular muscles, particularly of the rear limb. Axial muscles are also affected. The affected ventral horn neurons are initially swollen and chromatolytic; this is followed by a shrunken appearance, necrosis, and neuronophagia. It is not uncommon to see "empty beds" that are ghosts of previous perikarya. There is an obvious gliosis with the presence of glial nodules.
Spinal muscular atrophy (SMA) is a heritable condition in Brown Swiss cattle characterized by profound muscular atrophy affecting appendicular muscles, particularly of the rear limb. Axial muscles are also affected. The affected ventral horn neurons are initially swollen and chromatolytic; this is followed by a shrunken appearance, necrosis, and neuronophagia. It is not uncommon to see "empty beds" that are ghosts of previous perikarya. There is an obvious gliosis with the presence of glial nodules.
A total of 53 SMA cases were either reported to us or received and studied by the Congenital Defects Laboratory at Kansas State University. All calves underwent a thorough clinical examination. They were then euthanatized using T-61 a and immediately underwent a standardized necropsy procedure.
Brains were obtained by removal of the dorsal cranium, and spinal cords were removed by removal of the dorsal vertebral arches. Muscle samples were taken and attached by stapling to tongue depressors for identification. Peripheral nerves were sampled also. Tissues were processed for light and electron microscopy studies.
Iowa was the geographic origin of 10 of the cases, followed by Wisconsin and Texas with 5 cases each. The mean age of onset was 3.1 weeks with a standard deviation of 1.88. There were 5 calves that were affected at birth. The oldest reported age in this group was 8 weeks. The mean duration of recumbency before death was 6.4 weeks, with a maximum of 12 weeks in 2 of them. The affected cases were sired by 21 bulls, with 1 sire, #4, accounting for 9 of them.
Spinal muscular atrophy can be confused with several other diseases, most notably nutritional myopathy. With the latter condition, however, alpha motor neurons are not involved, and hyaline degeneration is prominent in muscle tissue.
Spinal muscular atrophy (SMA) is a neurodegenerative disease of Brown Swiss cattle that is inherited as a simple autosomal recessive trait and is characterized by progressive degeneration and death of alpha motor neurons.
3 It is thus similar to many other reported animal and human motor neuron diseases. [3] [4] [5] [6] [7] [8] There is profound muscular atrophy affecting appendicular muscles, particularly of the rear limb. Axial muscles are also affected. The affected ventral horn neurons are initially swollen and chromatolytic; this is followed by a shrunken appearance, necrosis, and neuronophagia. It is not uncommon to see "empty beds" that are ghosts of previous perikaria. There is an obvious gliosis with the presence of glial nodules. 3 The purpose of this publication is to alert diagnostic laboratory personnel to the clinical, gross, and histopathological features of SMA and it is an update of a paper reported previously. 3
Materials and methods
A total of 53 SMA cases were either reported to us or received and studied by the Congenital Defects Laboratory at Kansas State University (KSU). The methods for notification of such defects have been outlined previously. 5 Cases l-19 have been reported previously. 3 All calves received here at KSU underwent a thorough clinical examination. The calves were then euthanatized using T-61 a and immediately underwent a standardized necropsy procedure.
Brains were obtained by removal of the dorsal cranium and spinal cords were removed by removal of the dorsal vertebral arches. Muscle samples were taken and attached by stapling to tongue depressors for identification. Peripheral nerves were sampled also. All internal organs were sampled for histopathologic examination. All tissue samples including brain and spinal cord were fixed in 10% ventral buffered formalin for a minimum of 10 days. After that, sectional CNS samples were postfixed for another 2 days. Tissues were processed routinely, embedded in paraffin, and sectioned at either 6 or 8 µm and then stained with hematoxylin and eosin (HE) in an automatic slide stainer.
Spinal cord transverse sections taken from the lumbar intumescence were deparaffinized and subjected to immunohistochemistry. Affected and normal calves were compared using primary antibodies to phosphorylated neurofilament, tau protein, and ubiquitin (manuscript in preparation).
Tissue samples of brain and spinal cord for electron microscopic studies were collected within 15 minutes of death. Thin slices of brain and spinal cord were placed in cold glutaraldehyde in 0.05 M sodium cacodylate buffer (pH of 7.3), and white and gray matter were separated and diced into 1-mm 3 pieces. The samples were then transferred into individual vials containing fresh, cold glutaraldehyde-cacodylate fixative. Here the samples remained for 1 hour at 2 C. This fixative was then replaced with cold, fresh glutaraldehydeeacodylate for another 1-2 hours.
Fixed tissues were rinsed 3 times in sodium cacodylate and then postfixed in buffered 1% osmium tetroxide, washed 3 times with distilled water, and then dehydrated through a graded ethanolic series to propylene oxide. Tissue samples were infiltrated and embedded in epon (LX 111), and thin sections were cut using an ultramicrotome (Sorval MT,), and sections were examined in a Hitachi H300 transmission electron microscope (TEM). Electron micrographs were prepared according to standard darkroom procedures.
Results
A total of 53 cases has been reported over a wide geographical area of the United States (Table 1) . From the total of 53 calves reported to us, 28 were examined clinically followed up by gross, microscopic, and ultrastructural studies. Ten calves also underwent electrophysiologic evaluation the results of which will be reported elsewhere.
As can be seen from Table 1 , SMA has a widespread geographical distribution. Unfortunately, it is not unusual for the allele frequency of an undesirable gene to increase rapidly within a breed as a consequence of artificial insemination when a popular bull and some of his sons are heterozygous for it. Cases were reported or brought to KSU from a wide range of locations all over the continental United States. Iowa was the geographical origin of 10 of the cases, followed by Wisconsin and Texas with 5 cases each.
The mean age of onset was 3.1 weeks with a standard deviation of 1.88. There were 5 calves that were affected at birth. The oldest reported age in this group was 8 weeks. The mean duration of recumbency before death was 6.4 weeks, with a maximum of 12 weeks in 2 of them. The affected cases were sired by 21 bulls, with 1 sire, #4, accounting for 9 of them.
Most calves had bronchopneumonia in the terminal stages of the disease. Their breathing and heartbeat were rapid. The calves were recumbent in the sternal position with thoracic limbs spread apart and forward. Muscles of the limbs were atrophic.
Histopathologic changes in brain and spinal cord were restricted to the ventral horn cells of the cervical and lumbar intumescences. These neurons were swollen and had chromatolysis or empty beds with remnants of neurons. Glial nodules and neuronophagia accompanied the neuronal changes. There were also axonal swellings in spinal cord and ventral spinal rootlets Electron microscopic examination disclosed accumulation of neurofilaments in degenerating perikarya.
Immunocytochemical studies using antibodies to neurofilament (high molecular weight submit), tau protein, and microtubule-associated protein 1 B (Map 1B) stained many degenerating motor neurons in calves afflicted with SMA. The staining reaction of the degenerating motor neurons was light in the center and strong at the periphery.
Discussion
SMA can be easily confused with several other neonatal diseases. Nutritional myopathy of calves is characterized also by symmetrical muscle weakness. Age of onset is usually at l-2 months of age, which is similar to that of SMA. With both diseases, the most severely involved muscles are those capable of powerful contraction, such as muscles of the pelvic and pectoral limbs, but there is also involvement of those that are continuously active, such as diaphragm and intercostal muscles.
The histopathological hallmark of nutritional myopathy, hyaline degeneration of myofibers, is not a major finding in SMA. With the latter, there is pronounced group atrophy of fibers, as well as scattered focal necrosis. Grossly, SMA does not present welldefined yellow to white streaks within muscle as nutritional myopathy does.
Inhalation pneumonia was a common finding, so this disease must be differentiated from other causes of pneumonia. Spinal muscular atrophy has also been reported as a hereditary disease in Red Danish and in Brown Swiss and Brown Swiss crossbred cattle in Germany and Switzerland. 1, 2, 4, 6, 8 Bovine progressive myelencephalopathy (weaver) is another genetic disease of the Brown Swiss breed that is neurodegenerative in nature. 8 However, weaver has a later onset and is predominately a spinocerebellar degeneration. The alpha motor neurons are not affected in weaver cattle. 
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